1. Background {#sec43898}
=============

Herpes simplex virus infection can cause significant morbidity and mortality in neonates and infants. HSV transmission can occur in one of these three periods:, intrauterine, perinatal or postnatal, with estimated incidence rates of 5 %, 85 % and 10 %, respectively ([@A14310R1]). The incidence of neonatal HSV infections in different parts of the world is 1.7--3/100000 live births in the UK ([@A14310R2]), 9.6 cases/100000 births in the USA ([@A14310R3]) and 3.2 cases per 100000 live births per year in the Netherlands ([@A14310R4]). Although there are some studies about the prevalence of HSV type 2 in pregnant women in developing countries ([@A14310R5]-[@A14310R9]), but very few studies have reported the neonatal HSV infection in such countries ([@A14310R10], [@A14310R11]). Clinical manifestations in the first three weeks of life are localized skin/eye/mouth disease, encephalitis or disseminated disease. One third of HSV infected neonates lead to encephalitis and one fourth develop disseminated disease ([@A14310R12], [@A14310R13]). HSV infection is rarely considered, and antiviral therapy is advised only if there is a maternal history of HSV infection or if the child has suggestive ulcerative lesions.

2. Objectives {#sec43899}
=============

The aim of this study was to identify HSV infection among high risk neonates and infants with sepsis, which was considered as inclusion criteria in our center.

3. Materials and Methods {#sec43902}
========================

In a cross sectional study all infants younger than 3 months, who were admitted to the neonatal intensive care unit and pediatric emergency ward of Ghaem Hospital (a university hospital with 900 beds) in Mashhad (located in Northeast of Iran) with clinical diagnosis of sepsis and at least one of the inclusion criteria, were enrolled in this study ([@A14310R14]-[@A14310R17]) ([Table 1](#tbl11592){ref-type="table"}).

###### The Inclusion Criteria

  1        Vesicular Lesions of Skin and Mucus Membranes Without any Explanations
  -------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **2**    Repeated seizures (more than one time) without any explanations
  **3**    If the clinical picture did not improve after 48 hours of antibiotic therapy
  **4**    Sepsis with elevated level of liver enzymes
  **5**    All ill and toxic neonates and infants are with shock, DIC^[a](#fn7683){ref-type="table-fn"}^, decreased level of consciousness, apnea, metabolic acidosis and hypotonia
  **6**    Mononuclear pleocytosis of CSF^[a](#fn7683){ref-type="table-fn"}^ fluid
  **7**    Positive mother history of genital herpes
  **8**    Pneumonia with unknown cause
  **9**    All neonates and infants who died during hospitalization
  **10**   All neonates and infants with suspected TORCH^[a](#fn7683){ref-type="table-fn"}^ infections

^a^ Abbreviations: CSF: cereberospinal fluid; DIC: disseminated intravascular coagulation; TORCH: indicates congenital infections including toxoplasma, rubella, cytomegalovirus, herpes simplex virus, etc.

The study period was from November 2009 to October 2010. Formal consents were obtained from the parents, the physicians in the neonatal and emergency wards collected demographic and clinical data including age (in days), sex, birth weight (kg), and gestational age (GA) (preterm: GA below 37 weeks; term: 37-week GA or more), mode of delivery \[vaginal delivery vs. cesarean section (C/S)\] , antibiotic use, fever (a rectal temperature higher than or equal to 38.0°C), hypothermia (a rectal temperature less than or equal to 36.4°C), respiratory insufficiency, skin lesions, neurological symptoms (seizures, hypotonia, and feeding problems), hepatosplenomegaly and DIC. In addition, genital HSV infection of the mother was recorded. Sampling was carried out by trained nurses. All laboratory tests were done by the central laboratory as part of routine lab tests. The laboratory results recorded were as follows: leukopenia (leukocyte count \< 4.0 × 10^9^/l), leukocytosis (leukocyte count \> 15.0×10^9^/l), thrombocytopenia (platelet count \< 150×10^9^/l), C-reactive protein (CRP) \> 6 mg/L, aspartate aminotransferase (AST) ≥ 60 U/L, alanine aminotransferase (ALT) \> 30 U/L and, prothrombin time (PT) \> 16, partial thromboplastin time (PTT) \> 55 and blood PH \< 7.2. Cereberospinal fluid (CSF) pleocytosis was defined as the presence of ≥ 25 white blood cells /mm^3^.

All the clinical samples from the patients including blood, CSF, skin and conjunctival swabs (in the case of skin vesicles) were sent to the Virology Department of Ghaem Hospital, Mashhad, Iran for PCR assay.

3.1. DNA Extraction {#sec43900}
-------------------

Viral genomic DNA was extracted from the samples using Invisorb Spin Virus DNA Mini kit protocol (Invitek GmbH, Germany) according to the manufacturer's instructions. DNA samples were stored at -70 ºC prior to molecular diagnosis of HSV infection.

3.2. Viral Detection {#sec43901}
--------------------

HSV diagnosis was carried out by HSV PCR amplification kit (Amplisens, Russia). After DNA amplification, data analysis was done based on the presence or absence of specific bands of amplified DNA by electrophoresis on an agarose gel (1.5 %). ([Figure 1](#fig9177){ref-type="fig"})

![Result of HSV PCR\
No. 1 is positive control with 723 bp and internal control 430 bp, No. M is 100 bp DNA ladder, No. 2, 6, 7, 9 are negative samples, No. 3, 4, 5 and 8 are positive samples, No. 10 is a negative control.](ircmj-16-14310-g001){#fig9177}

In order to typing the HSV, amplification of an HSV gene fragment was carried out using Herpes Simplex Virus Type 1 and 2 kits, as instructed by the manufacturer (GenID, GmbH, Germany). Briefly, a fragment of highly conserved region of the HSV genome is amplified together with a fragment of human glyceraldehydes- 3- phosphate dehyrogenase (GAP-DH) gene, as an extraction and amplification control, in a multiplex PCR using a mixture of biotin labeled primers. Characterization of PCR fragments and differentiation of HSV types are subsequently carried out by reverse hybridization assay ([@A14310R18]). The research protocol was approved by Mashhad University of Medicine Institutional Review Board; code No. 89283-12/11/2010. The results were analyzed using SPSS software version 11.5 (Illinois, USA) and the data were presented as medians with interquartile ranges.

4. Results {#sec43903}
==========

In one year period from November 2009 to October 2010, 150 neonates and infants with sepsis and at least one inclusion criteria, were enrolled in our study. There were 85 boys and 61 girls with mean age of 12.95 ± 1.4 days and 16.8 ± 1.82 days, respectively. The PCR for DNA of HSV were positive in six samples obtained from five patients (3.3 %) ([Table 2](#tbl11593){ref-type="table"}). All belonged to HSV type 2. There was a patient from nursery with unknown birth history. None of the mothers of the patients with known birth history had symptomatic HSV infection during delivery. The mean age of the patients was 18 days, interquartile range was 3 - 45 days ([Table 2](#tbl11593){ref-type="table"}).

###### Demographic Features of the Patients ^[a](#fn7684){ref-type="table-fn"}^

  Patient   Sex      Age       Mode of delivery   Preterm   Clinical picture                              Laboratory findings                                                                                      Site of positive HSV PCR   Outcome
  --------- -------- --------- ------------------ --------- --------------------------------------------- -------------------------------------------------------------------------------------------------------- -------------------------- ---------
  **1**     Male     3 days    C/S                Yes       Sepsis with Shock                             Prolonged PT, Thrombocytopenia, Indirect Hyperbilirubinemia, metabolic acidosis                          Blood                      Death
  **2**     Male     28 days   C/S                Yes       Cholestasis and DIC                           Leukocytosis, Thrombocytopenia, Prolonged PT & PTT, Direct Hyperbilirubinemia                            Blood                      Death
  **3**     Female   45 days   Normal             No        Hydrocephaly and fever                        Indirect Hyperbilirubinemia, CSF pleocytosis with, RBCs in CSF, Normal CSF sugar, elevated CSF protein   Blood & CSF                Alive
  **4**     Male     6 days    Unknown            No        Culture negative Sepsis, Aseptic meningitis   Prolonged PT, CSF pleocytosis, RBCs in CSF, Normal CSF sugar, elevated CSF protein                       CSF                        Alive
  **5**     Male     8 days    C/S                No        Culture negative Sepsis                       Thrombocytopenia, Positive CRP                                                                           Blood                      Alive

^a^Abbreviations: BCs: red blood cells; C/S: cesarean section; CRP: C-reactive protein; CSF: cerebrospinal fluid; DIC: disseminated intravascular coagulation; HSV: Herpes Simplex Virus; PCR: polymerase chain reaction; PT: prothrombin time; PTT: partial thromboplastin time.

Two of the patients had history of preterm labor and three other had birth weight less than 2500 g. Among five patients with HSV infection showed some clinical manifestations including, poor feeding in 3 (60 %), jaundice in 3 (60 %), fever in 2 (40 %), apnea in 2 (40 %), cyanosis in 2 (40 %), bulging of anterior fontanel in 1 (20 %), respiratory distress in 1 (20 %) and conjunctivitis in 1 (20 %) and no skin lesion was detected. Thrombocytopenia in 3 (60 %), indirect hyperbilirobinemia in 2 (40 %), cholestasis in 1 (20 %), prolonged PT and PTT in 1 (20 %), elevated liver transaminases in 1 (20 %) and metabolic acidosis in 1 (20 %) were the most important laboratory findings. Chest X-rays of two patients were normal. None of these patients received acyclovir. Two died due to shock and DIC.

5. Discussion {#sec43904}
=============

This is the first article about the rate of herpes simplex virus among high risk neonates and infants with sepsis as characterized by inclusion criteria. This led to find high proportion of HSV infection (3.3 %) among septic neonates compare to low prevalence of HSV in similar studies. In a study by Caviness et al. the prevalence of HSV infection was 0.2 % in hospitalized neonates admitted to a pediatric emergency department. In this study, the prevalence of HSV infection (0.2 %) was not statistically different from that of bacterial meningitis (0.4 %) but was lower than that of all serious bacterial infections (4.6 %) in 5817 hospitalized neonates admitted during a 5-year period ([@A14310R19]). In a retrospective cohort study by Ambroggio et al. 460 patients \< 60 days of age with a primary discharge diagnosis of HSV were studied. Intravenous acyclovir was administered and they were discharged between January 1, 2003 and December 31, 2005. Of these patients, 21 (5 %) died ([@A14310R20]). In a study by Kropp et al. fifty-eight cases of neonatal herpes simplex virus were detected (5.9 cases per 100000 live births) ([@A14310R21]). The majority of neonatal HSV infections are acquired during delivery, although in utero and postnatal infections occur ([@A14310R17]). In sub-Saharan Africa, high HSV2 rates (30 - 80 %) observed in women. In South America, the prevalence of HSV2 ranges from 20 to 40 %. Lower values (10 - 30 %) have been seen in the general population in Asian countries ([@A14310R22]). In a study in Iran, the prevalence of HSV type 2 among pregnant women was 8.25 % ([@A14310R5]).

Neonatal infections caused by peripartum HSV transmission are classified into 3 groups including disseminated HSV infection causing severe multiorgan dysfunction and has a high mortality rate if left untreated; Herpesviral encephalitis, which causes neurologic morbidity among most of the survivors; and HSV infection localized to the skin, eye, and/or mouth, may progress to encephalitis or disseminated disease if left untreated ([@A14310R23]). The clinical outcome of two neonates in our study was in consistent with disseminated disease; a preterm neonate with septic shock and the other with cholestasis and DIC. The final outcome was poor for both of them.

In a study by Kropp et al. localized HSV infection was reported in 59.6 % of the patients and disseminated disease and central nervous system disease were reported in 17.5 % and 22.8 % of the cases, respectively ([@A14310R21]). In the present study, two of five infants with HSV infection were preterm and died. In a study by O'Riordan et al. the relative risk for death of preterm infants with HSV infection was3.7 times more than term infants with HSV infection. In this study, all infants with disseminated disease (n = 9) died, whereas the three infants with encephalitis survived. In agreement with our study, herpes simplex virus infections in preterm infants usually presented during the first 2 weeks of life and had a high incidence of dissemination ([@A14310R24]). Kimberlin et al. noted that elevation of AST level to \>10 times of the normal level at the initiation of acyclovir, DIC, coma, pneumonitis, HSV 1 infection and delayed antiviral treatment have all been associated with increased mortality rate ([@A14310R25]). In our study, none of the mothers had symptomatic HSV infection during delivery. In a study by O'Riordan et al. no mother had herpes simplex virus lesions at delivery, but a history of genital herpes simplex or other sexually transmitted infections was prevalent among the mothers ([@A14310R24]). In Long et al. study, only 11 % of the mothers had history of genital HSV infection ([@A14310R16]).

In another study by Kropp et al. 40 % of the mothers had no history of genital herpes infection before delivery, and intrapartum genital lesions were present in only in 1 of 58 cases ([@A14310R21]) The mean age of our patients was 18 days. In a study about the incidence of neonatal HSV infection across the United States in 2006, the median age at the time of admission was 10 days and 25 % of the admissions were on the first day of birth ([@A14310R3]). Ambroggio et al. found that in 460 patients younger than 60 days of age with a primary discharge diagnosis of HSV infection, the median age was 16 days (interquartile range: 8 -- 31 days) ([@A14310R20]) Long et al. reported that age of ≤ 21 days at onset of symptoms comprised 90% of all infected infants with HSV admitted to a children\'s hospital in North Philadelphia ([@A14310R16]). No skin lesions were observed in our patients. In a study by Long et al. it was shown that 75 % of HSV infected infants had central nervous system (CNS) infection, including 40 % of those who had mucocutaneous lesions. Cultures of mucocutaneous lesions for HSV detection were positive in eight of ten patients ([@A14310R16]). Poor feeding in 3 (60 %), jaundice in 3 (60 %), fever in 2 (40 %), apnea in 2 (40 %), cyanosis in 2 (40 %), bulging of anterior fontanel in 1 (20 %) and respiratory distress in 1 (20 %), were some of clinical outcomes of the patients in the present study. These signs might be caused by other diseases such as hyaline membrane disease, intraventricular hemorrhage, necrotizing enterocolitis, and various ocular or cutaneous illnesses; infections with group B *Streptococcus*, *Staphylococcus aureus*, *Listeria monocytogenes*, and Gram-negative bacteria, which can be misdiagnosed with neonatal HSV infection. Infection with varicella-zoster virus, enteroviruses, and cytomegalovirus could have clinical outcomes similar to the neonatal HSV infection, Toxoplasmosis and rubella infection. In a study by Fidler et al. eight cases of confirmed disseminated HSV infection were identified. An important factor for delayed treatment seems to be lack of awareness of this disease amongst the clinicians ([@A14310R17]).

With the advent of polymerase chain reaction (PCR) assay, a sensitive and specific diagnosis of HSV infections can be made from blood and/or CSF within 24 hours ([@A14310R26]). The American Academy of Pediatrics Committee on Infectious Diseases recommends: HSV infection should be considered in "neonates with fever, irritability, and abnormal CSF findings" especially in the presence of convulsions ([@A14310R27]). HSV infection should be considered in differential diagnosis of sepsis even though in mothers without any history of HSV infection. In babies with outcomes similar to the HSV infection, proper laboratory specimens should be taken and intravenous acyclovir administration (60 mg/kg/day) should be started immediately ([@A14310R17]). In our study all the infectious agents were HSV type 2. Genital infection is typically caused by HSV type 2 although the ratio of infections caused by HSV type 1 is increasing ([@A14310R28], [@A14310R29]). HSV-1 as a genital infection has a higher risk of transmission to the neonate than HSV-2 ([@A14310R30]). Three of four cases with known birth history had history of C/S. For decreasing the incidence of neonatal HSV infections, cost-effective routine screenings to detect the maternal HSV antibodies are controversial ([@A14310R31]-[@A14310R33]). Also, the C/S reduces, the HSV transmission from mother to child and may increase the maternal morbidity and mortality, compared with vaginal deliveries thus, are only recommended in the presence of documented primary HSV infection or visible genital lesions at the time of delivery ([@A14310R34]). Since most physicians in emergency departments and neonatal wards did not consider HSV detection in the differential diagnosis of sepsis, we proposed to consider HSV in high risk infants with sepsis especially in patients diagnosed with sepsis and negative sepsis culture and infants with shock and DIC without any maternal history of HSV infection. After taking laboratory specimens, appropriate antiviral drug should be immediately administered for these patients.
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**Implication for health policy/practice/research/medical education:**Herpes simplex virus (HSV) infection causes high amount of morbidity and mortality in neonates and infants. Unfortunately this fatal infection is rarely considered by clinicians in the absence of maternal history of HSV infection. HSV infection should be considered in differential diagnosis of sepsis unresponsive to antibiotics, cholestasis and ill and toxic neonates, then appropriate specimens should be sent to virology section and intravenous acyclovir (60 mg/kg/day) started immediately.
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